Introduction.
Introduction.
The plasticity of an aimalgam mix has been characterized by the practitioner's feeling of its resistance to condensation. It is classified qualitatively either as soft and offering little resistance to condensation forces, or as hard and offering considerable resistance to condensation forces.
This phenomenon is different from the setting or hardening of amalgain, which has been studied in the past by several investigators.1i4 In 1967, Mahler5 published results of his study on the plasticity of amalgamn mixes.
Even though Mahler's method is capable of determining the plasticity of an ainalganmated mass, it does not quantify resistance to condensation forces.
Recently, different types of high-copper alloys have been introduced to the dental profession. These alloys have various resistances to condensation. From a practical point of view, it is inportant to know the resistance to condensation forces, since the choice of condenser, as well as the magnitude of the force applied during condensation, is determined by the resistance that the amalgamated mass offers.
In this study, a device was developed which quantitatively measures the resistance to condensation forces, as well as the effects of somne variables on plasticity of an amalgamated mix.
Materials and imethods.
A special die was machined from stainless steel (Fig. 1 ). An amalgamn mnix was placed in the mold cavity 15 sec after trituration by means of a plunger, and a 12.7 Kg (28 lb) pre-condensation load was applied to the mix (Fig. 2) . This load had been pre-deterinined to produce a flat surface and not to squeeze any mercury from the specimen. Within five sec, the pre-condensation load was removed from the specimen. A thinner plunger with a guide cap was substituted for the former plunger. A heavier static load was then applied to the prepared surface through the thinner plunger to generate the plastic deformation of the amalgam mnix. This caused the extrusion of the amalgam mlix into the space created between the split imold and the thinner plunger (Fig. 3 ). After the load had beenl applied for one min, the speciimen was removed from the mold, and the heiglht of the deformed ainalgam, shaped like a crown, was measured. By means of a caliper, the height of each Received for publication Noveimber 5, 1982 Accepted for publication April 25, 1983 (Table) Three kinds of amalgam mixes (soft, medium, and hard)
were tested in the aforementioned procedure with two variable factors -load and time at which the load was applied. Three replications were made for each combination of these test conditions. The data were collected and analyzed by means of a three-way analysis of variance6, and the means were compared by Tukey's interval7.
Results.
This method enabled measurement to begin at less than 60 sec after trituration. It can easily be accomplished 30 sec after trituration.
The results of a three-way analysis of variance related to three factors -type of alloy, the magnitude of load, and the time of load application -showed that all factors and interactions were highly significant. Tukey's interval was calculated to be ±0.3 mm, using the mean square of the error obtained from the three-way analysis of variance.
The results are summarized in Fig. 4 , which shows the change of plastic deformation of amalgam as influenced by the magnitude of the load and the time of load applications. As the load increased, or the time at which the load was applied decreased, the plastic deformation of the amalgam mass increased for each mix. (Fig. 5) . The device developed in this study simulated the mechanism of clinical condensation (Fig. 3) . Therefore, the obtained results could reflect the practitioner's feeling of amalgam condensation. A question may arise in a laboratory test, such as the one described, as to when the force should be applied and what its magnitude should be. Clinically, it has been considered that 3.5 min is the maximum desirable condensation time.8 The greater portion of the condensation, however, is accomplished within 60 to 90 sec after trituration. For this reason the load was applied 30, 60, and 90 sec after trituration. The 30 sec could be appropriate to indicate the initial plasticity of an amalgam mix.
Since the diameter of a condenser tip ranges from 1.5 to 2.0 mm, a force of from 3.5 to 4.5 Kg has been thought to be sufficient for adequate condensation of an amalgam mix.9 Such a force would produce a condensation pressure of 1.1 1.43, 1.98, and 2.55 Kg/mm2, depending on the diameter of the condenser and the force applied. Based on this pressure range, 13.6, 18.2, and 22.7 Kg of load were used with the 4-mm-diameter plunger to give condensation pressures of 1.08, 1.45, and 1.81 Kg/mm2, respectively. Although, with all three loads 30 sec after trituration, the differences in the resistance to condensation of the three types of mixes could be distinguished, 18 hard mixes, whereas loads lighter than 18.2 Kg could be used with soft amalgam mixes.
The results of the analysis of variance showed that the type of alloy, the magnitude of load, and its time of application had a significant effect on the plasticity. It should be recognized that the purpose of the present study was to determine the plasticity of different types of amalgam at early stages of condensation. The plasticity of the amalgam mass, however, can be measured at any time 30 sec after trituration. By means of this procedure, it seems that relative condensing time of amalgams can also be assessed.
In employing the abovementioned method for determining plasticity of different amalgams, one could use a more elaborate instrument than a simple caliper (used here) for measuring the height of the amalgam test specimens. It was felt that any more precise measurement of specimen height than that offered by a caliper (within 0.1 mm) is unnecessary, since the differences in the height of specimens prepared from different types of amalgam alloys were from 40 to 50 times greater than the accuracy of readings provided by a caliper. It should be mentioned that the object was to develop a fast, dependable, and reproducible test method, one that easily differentiates plasticity of different amalgams using simple equipment. Because of the simplicity of this test procedure, it is hoped that the method will be used by manufacturers and researchers, and finally that it might be included in amalgam specifications for classifying different types of amalgams for plasticity of their mixes.
Conclusions.
A method was designed to evaluate the resistance to condensation forces of amalgam mixes. In order to investigate its validity and determine optimum test conditions, the height of deformed amalgams was measured under 13. 6, 18.2, and 22.7 Kg of static load 30, 60, and 90 sec after trituration, using three types of amalgam mixes (soft, medium, and hard).
It was found that the method was effective enough to detect differences in resistance to condensation forces for three amalgams. For the purpose of classification of amalgams, optimum test conditions were to apply 18.2 or 22.7 Kg of load 30 sec after trituration.
